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Introduction 


The Information Sciences and Human Factors (IS&HF) Division is one of five divisions 
which comprise NASA’s Office of Aeronautics and Exploration Technology (OAET). This division 
sponsors research in both aeronautical and space technology. This report documents the most 
significant accomplishments during the past year. Each year, this report is prepared to serve 
as the primary mechanism for coordinating NASA activities with industry and industrial IR&D 
managers. This document is also intended to communicate significant technical accomplishments 
to NASA technologists, project engineers, other government agencies, and academia. 

The IS&HF Program consists of seven major elements: Automation and Robotics, 

Computer Sciences, Communications, Controls and Guidance, Data Systems, Human Factors, 
and Sensor Technology. Accomplishments are presented in all seven categories. Controls and 
Guidance and Human Factors are shown in two sections, Space and Aeronautics. Total program 
funding, including civil service manpower costs, for fiscal year 1989 is shown below. 


Element 


Aero ($M) Space ($M) Total R&D ($M) 


Automation & Robotics 
Communications 
Computer Sciences 

14.7 

Controls & Guidance 

47.5 

Data Systems 
Human Factors 

16.5 

Sensor Technology 



45.8 

45.8 

12.3 

12.3 

4.4 

19.1 

10.1 

57.6 

14.8 

14.8 

7.3 

23.8 

19.5 

19.5 


The NASA Pathfinder Program was initiated in fiscal year 1988 with the goal of providing 
a strong technology foundation for the nation’s future space missions. The IS&HF Division has 
focused Pathfinder technology activities in Planetary Rover Technology, Human Factors/EVA suit, 
Automated Rendezvous and Docking, and Adaptive Hazard Avoidance Landing. Funding for these 
activities is included above. In fiscal year 1990, it is anticipated that more focused activities in 
Space Exploration technologies will be initiated. 

Within the Base Aeronautics Human Factors Program, focused efforts in Aviation 
Safety /Automation were initiated in fiscal year 1989. The objectives of this program include the 
development of human-centered automation concepts for use in future transport aircraft and air 
traffic control (ATC) stations. The integration of highly automated aircraft into the future ATC 
system also will be addressed in this program augmentation. Beginning in fiscal year 1990, the 
Airborne Wind Shear Detection and Avoidance research efforts will be augmented to allow flight 
evaluation of Doppler radar, lidar, and infrared sensors. 

To aid in the communication of program efforts, the names and phone numbers of 
Headquarters program managers are included in this report along with the names and phone 
numbers of the key center technologists who conducted or managed the significant technology 
activities. 


Division Director: Lee Holcomb 
(202) 453-2747 

Deputy Director: Ray Hood 

(202) 453-2745 
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NASA Directory 


Center Symbol 

Ames Research Center ARC 

Moffett Field, CA 94035 

Ames Research Center DFRF 

Hugh L. Dryden Flight Research Facility 
PO Box 273 
Edwards, CA 93523 

Goddard Space Flight Center GSFC 

Greenbelt, MD 20771 

Headquarters HQ 

NASA/OAET/RC 

Washington, DC 20546 

Jet Propulsion Laboratory JPL 

4800 Oak Grove Drive 
Pasadena, CA 91109 

Lyndon B. Johnson Space Center JSC 

Houston, TX 77058 

John F. Kennedy Space Center KSC 

Kennedy Space Center, FL 32899 

Langley Research Center LaRC 

Hampton, VA 23665 

Lewis Research Center LeRC 

21000 Brookpark Road 
Cleveland, OH 44135 

George C. Marshall Space Flight Center MSFC 


National Aeronautics and Space Administration 
Marshall Space Flight Center, AL 35812 
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Automation and Robotics 


OAET created the Civil Space Technology Initiative (CSTI) to improve NASA space tech- 
nology. Of particular concern has been the cost of NASA ground and flight operations, such that 
the CSTI program has focused significant resources on development and demonstration of automa- 
tion and robotics technologies for space applications. Artificial Intelligence and Telerobotics, when 
applied to the space environment, have the capability to significantly improve productivity and 
enhance safety, as well as reduce the cost of NASA operations. 

The Automation and Robotics Program is divided into two areas, with the Autonomous 
Systems focusing on automation for in-space servicing, assembly, and repair. Applications 
demonstrations are planned at NASA mission centers for the transfer of the technology into the 
operations environment. Underlying the demonstrations are five research areas that will develop 
expertise in sensing and perception, planning and reasoning, control execution, operator interface, 
and systems architecture and integration. 

The Telerobotics Program has achieved its first major technology demonstration through 
the vision-based de-spin of a spinning satellite (once it is initialized by a human-guided graphic 
overlay). Three applications demonstrations were completed using the Beam Assembly Teleoper- 
ator. These applications were: assembling beam elements into a space structure; using a general 
control structure for coordinated movement of multiple robot arms; and using the Oak Ridge 
National Laboratory’s teleoperated manipulator to recreate the ACCESS experiment. The Au- 
tonomous Systems Program has progressed towards the Space Station Thermal Control Expert 
System technology demonstration. We have developed an operational readiness prototype expert 
system for the monitoring of the Space Shuttle communications systems and initial integration of 
the KATE and GMODS for diagnostics and control of the Shuttle Environmental Control System. 
Also, we developed an expert system for aiding the communications officer in the Space Shuttle 
Mission Control Room. This system was first operationally used on STS-26. 

Major research goals were accomplished in the areas of operator interface, systems 
architecture and integration, and planning and reasoning. In the operator interface element, 
higher performance force-reflecting hand controllers and triggers were tested for teleoperation. 
In the planning and reasoning element, a collaborative effort with DARPA began on research of 
intelligent communicating agents, while the Autoclass probabilistic reasoning system produced 
striking new classes of spectral objects when applied to Infrared Astronomical Satellite (IRAS) 
data. 


In addition to the CSTI technologies, OAET has been reviewing the technology require- 
ments for future planetary and lunar missions and has packaged these into the initiative called 
Pathfinder. In the area of exploration a significant amount of automation and robotics research 
will be focused on the development of a planetary rover that would act in the place of humans in 
the scientific discovery of the Moon and Mars semi- autonomously, with only occasional communi- 
cation and direction from Earth. This is a challenging problem in that the rover would effectively 
be a mobile laboratory with its own instrumentation, tools, and intelligence for self-navigation and 
rock sample acquisition and analysis. This development effort is a requirement unique to NASA, 
and it will build on the in-house expertise in automation and robotics which has resulted from the 
CSTI program. 


Program Manager: Melvin Montemerlo 
NASA/OAET/RC 
Washington, DC 20546 
(202) 253-2744 



Comparison of Joint Space Versus Task Space Force-Load Distribution 
Optimization for Multiarm Manipulator System 
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Robotic Task Evaluation 

Telerobotics is an emerging technology for performing many different tasks in hazardous or remote situations. A major factor 
in the development and application of these telerobotic systems is determining how well they perform the designated tasks. This is 
evaluated primarily by means of time, error counts, and operator opinions. 
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Graphics and TV Perception Systems 

Two subtasks, “Graphics Perception Systems” and “Human (TV) Perception Systems,” make up this task. The work is focused 
hree major topics. The first topic is the development of high-fidelity two-dimensional and three-dimensional graphics images of 
•obot and work environment for stand-alone use or overlay onto TV images. The second topic is the development of a multiunit 
to five) mono/stereo TV system with microprocessor control of four geometric and three optic variables for each unit, enabling 
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FOCUSED ALAI 
INFORMATIO 



The Pathfinder Planetary Rover (PPR) Program has been initiated to develop, integrate, and validate the required rover 
technology for enabling robotic and piloted exploration of extensive areas of lunar and planetary surfaces. Because the unmanned 
missions precede the manned missions, the initial emphasis of the PPR program is on unmanned rover sensing, perception, planning, 
and execution monitoring technology to enable autonomous navigation through rough, natural terrain. 
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Technical Contact: S. Szirmay, JPL, (818) 354-4431 






Communications 


The objective of the Communications Technology Program is to enable data transmission 
to and from low-Earth orbit, geostationary orbit, and solar and deep space missions. This can 
be achieved by maintaining an effective, balanced effort in basic, applied, and demonstration 
prototype communications technology through work in theory, experimentation, and components. 

The program consists of three major research and development discipline areas. They 
are: (1) microwave and millimeter wave tube component research and development; (2) solid-state 
monolithic integrated circuit research and development; and (3) free space laser communications 
component and device research and development. The research ranges from basic research in 
surface physics (the study of mechanisms of surface degradation under high temperature and 
voltage operating conditions, which impacts cathode-ray tube reliability and lifetime) to generic 
research on the dynamics of electron beams and circuits (for exploitation in various micrometer and 
millimeter wave tube devices). Work is also performed on advanced III— V semiconductor materials 
and devices for use in monolithic integrated analog circuits (used in adaptive, programmable phased 
arrays for microwave antenna feeds and receivers) on the use of electro-magnetic theory in antennas 
and on technology necessary for eventual employment of lasers for free space communications 
for future low Earth, geostationary, and deep space missions requiring high data rates with 
corresponding directivity and reliability. 


Program Manager: Ramon P. De Paula 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2748 
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OUTPUT vs. CRYSTAL TEMPERATURE 
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Reflector Diffraction Synthesis Using Optimization Techniques 

Advanced multiple-beam and contour-beam reflector antennas are required for future scientific, communication, and military 
missions. These antennas must be capable of generating beams with stringent off-axis performance. In particular, the high-gain and low 
sidelobe radiation characteristics are considered to be viable performance requirements for many applications. Any advances in achieving 
antenna/feed configurations capable of satisfying the requirements are important steps in realizing the overall mission objectives. 
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RANGE BEING ASSESSED 















Integrated Optical Communication Test Bench 
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High-Speed GaAs MESFET Optical Controller 

One of the difficulties in the implementation of phased- array antenna structures for communications, radar, or sensing 
applications is the complexity of the feed and control interconnections. One possible approach to solving these problems is through the 
use of optical fibers for transmission of control signals and rf signals throughout the array. The use of optical fiber has the potential to 
reduce size, weight, and mechanical complexity, to allow transmission of higher data rates, and to reduce cross talk and electromagnetic 
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32 GHz GaAs MMIC Phase - Shifters 
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Coupled-Cavity Traveling Wave Tube With Phase-Adjusted Taper 





Miniature Traveling Wave Tube 
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High-Efficiency Traveling Wave-Tube Amplifiers for Deep Space 
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Computer Sciences 


The overall goal of the Computer Sciences Research Program is to foster the advancement 
ot computing technology targeted at aerospace applications. This goal is being realized through 
a program of basic research and experimentation that focuses on developing core skills within the 
Agency in disciplines critical to NASA and on maintaining a strong university base of fundamental 
research in aerospace computer science. 

The research program is improving the state of knowledge of fundamental aerospace 
computing principles and advancing computing technology in crucial space applications, such as 
software engineering for very reliable systems and information extraction from data collected by 
scientific instruments in space. 

This program includes the development of special algorithms and techniques to exploit 
the computing power provided by high-performance parallel processors and special-purpose ar- 
chitectures. Problem areas of importance include computational fluid dynamics, computational 
chemistry, structural analysis, signal processing, and image processing. The computer architectures 
of interest include common and local memory multiprocessors, single-instruction stream/multiple 
ata stream processors, static data flow processors, systolic arrays, and heterogeneous multiproces- 
sors with custom processors. Research is conducted in programming languages and environments, 
parallel and distributed operating systems, and performance measurements. 

Research is also being conducted in the fundamentals of data base logic. This work has 
resulted in the development of a common user interface for accessing data from several data bases 
even when the data bases being accessed have very different structures. This work provides the 
foundation that will enable NASA space data users access to multiple data bases independent of the 
data bases physical distribution or structure. This work will reduce the cost of such investigations 
and enable data base intensive scientific research that would otherwise be unaffordable. Other work 
is under waj to develop and test an expert system that can serve as an assistant to researchers 
analyzing space-derived data. 

Research is being conducted to improve techniques for producing reliable computing 
systems. That work is directed at both reducing the number of faults in software and making 
systems that are tolerant to faults. New approaches and methods for software management and 
engineering have been devised and are now being evaluated under real working conditions. In 
addition, emphasis is being placed on the automatic reuse of software to lower software production 
costs. Future objectives in a new software engineering initiative will include research on the 
theoretical foundation and extending and evaluating approaches for developing reliable complex 
software. 

The Computer Sciences Program is coordinated with the Space Station’s Software Support 
Environment (SSE) and the DoD sponsored Software Engineering Institute (SEI) and ADA. 

ASA also participates with the DoD and other national bodies on several advisory and technical 
coordination committees. 


Program Manager: Paul Hunter 

NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2704 
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Concurrent Processing Research 
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Performance Characterization of Machine Architectures 
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Technical Contact: Kathryn Smith, LaRC, (804) 864-1699 
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Controls and Guidance - Aeronautics 


The overall objective of the Aeronautics Controls and Guidance Program is to provide a 
validated technology base leading to the development and exploitation of new concepts, analy- 
sis/design methodologies, and flight systems for future civil and military aircraft. This technology 
base will provide increased efficiency, effectiveness, reliability, and safety for new aircraft. The 
program is organized in broadly applicable, generic elements and more focused vehicle-specific 
elements. The generic elements are Control Theory, Guidance Technology, and Flight Crucial Sys- 
tems. Vehicle specific elements are Generic Hypersonics, Subsonic Transport /Commuter/General 
Aviation, Rotorcraft, and Fighter/ Attack. 

Research in the Control Theory element is directed toward the development of improved 
flight control analysis/design methodologies for highly integrated, robust flight control systems. 
These methodologies will account for strongly coupled, nonlinear plant dynamics. In order to 
develop an understanding of the dynamics of new vehicles, such as VSTOL and High Alpha 
research vehicles, system and parameter identification methods are being developed. New control 
approaches and concepts are exploiting emerging technologies such as Artificial Intelligence . 
Research in the Guidance Technology element involves the development of satellite precision 
navigation concepts and advanced technologies for wind shear detection and avoidance. Flight 
Crucial Systems research is directed toward the development of design, assessment, and validation 
methodologies for flight crucial systems. Increasing emphasis will be placed on developing 
engineering tools that support cost-effective certification of digital systems in flight crucial 
applications. 

Reseai ch in the Generic Hypersonics element is focused on the development of multidis- 
ciplinary modeling methods, integrated aero/propulsion controls, handling qualities criteria, and 
trajectory optimization for hypersonic vehicles. In the Subsonic Transport element, activities are 
directed toward technologies that will provide more efficient civil transport operations in the future 
National Airspace System. The development of efficient 4-D guidance/control systems leading to 
enhanced efficiency and capacity in the terminal area is a major thrust in this element. Technol- 
ogy developments in automated mission management and goal-directed flight path management 
leading to automated nap-of-the-Earth flight capability are areas of emphasis in the Rotorcraft 
element. Research in the Fighter/ At tack element is focused on advanced guidance and control 
concepts for future superagile aircraft, development of automated flight test techniques, and the 
development of multidisciplinary design methodologies for highly interactive dynamic systems. 

The Aeronautical Controls and Guidance Program involves analytical and experimental 
research performed by in-house, university, and industry personnel. Extensive use of ground- 
ased simulation is a characteristic of the program with selected flight experiments in a variety 
of aircraft. More emphasis is being placed on carrying the most promising concepts into flight 
evaluation and validation programs. 


Program Manager: P. Douglas Arbuckle 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2743 
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Helmet-Mounted Display Synthetic Visibility System 
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Intelligent Computer Assistant for Engine Monitoring 
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Automated Testing and Analysis Techniques 
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Technical Contacts: H. Erzberger, ARC, (415) 694-5425 

W. Nedell, San Jose State University, (314) 962-0985 
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Fiscal Year 1989 Simulations 
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Technical Contacts: R. A. Coppenbarger, ARC, (415) 694-5433 
R. Wingrove, ARC, (415) 694-5429 
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VSRA Thrust Model Calibration for Aerodynamic Modeling 
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VSRA Thrust Model Calibration From Hover Measurements 
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The advanced ATC Concepts simulation has been expanded to include TRACON operations and an automation aid referred to 
as the Final Approach Spacing Tool (FAST). FAST assists TRACON controllers in sequencing and spacing arrival aircraft for maximum 

runway throughput. 
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Airborne Doppler Radar Detection of Microburst Wind Shear Microburst/Clutter/Radar 

Simulation Program 
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Wind Shear Radar 
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Anomalous Behavior Characterization of Fault-Tolerant Multiprocessor (FTMP) 
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Anomalous Behavior Characterization of Fault-Tolerant 

Multiprocessor (FTMP) 
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NUMBER OF FAULTS INJECTED IN PROCESSOR 3 











Development of Displays for Takeoff Performance Monitoring System (TOPMS) 
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Technical Contact: David B. Middleton, LaRC, (804) 864-4034 
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Tactical Guidance Research and Evaluation System (TGRES) 
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Laboratory development and evaluation 
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Technical Contact: Charles E. Knox, LaRC, ( 804 ) 864-2038 
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Controls and Guidance - Space 


The Space Controls and Guidance Research and Technology Program is directed toward 
improving the next generation of space transportation systems and enabling the President’s 
Lunar/Mars Initiative and large future spacecraft and space systems (such as the growth Space 
Station). Large communication antennas and high-precision segmented reflector telescopes and 
interferometers will also be considered. The new generation of transportation vehicles has 
demanding requirements to provide for an order of magnitude reduction in cost as well as an 
increase in capability. The Lunar/Mars Initiative will have demanding requirements for reliable 
avionics systems. The future orbital facilities have demanding control requirements for pointing 
and stabilization, momentum management, build-up and growth accommodation, and disturbance 
management. 

To address advanced launch requirements, research and technology for adaptive guidance 
is being pursued. A forward-looking laser placed atop the launch vehicle detecting wind velocity 
provides the data for calculating onboard the desired load alleviation trajectory. This technology 
has the capability to provide for a large reduction in operations support both in the planning and 
generation of the mission software and mission control. In support of the Lunar/Mars Initiative, the 
Advanced Information Processing System (AIPS) forms the basis for our research and technology 
program into highly reliable fault-tolerant distributed control systems. AIPS along with long-lived 
reliable avionic system components is an enabling technology to realize the President’s Initiative. 
For complex space systems, computational controls are being developed to provide cost-effective, 
high-speed, high-fidelity control system simulation and analysis and synthesis tools. The thrust of 
this work will be to develop methods and software to enable a 4 order-of-magnitude improvement in 
analysis and real-time hardware-in-the-loop simulation for control design certification. To address 
future orbital facilities requirements, an advanced technology program is under way in system 
identification, distributed control, and advanced sensors and actuators. Because the behavior 
of complex space systems is greatly influenced by the ground environment, thinking is currently 
being directed toward a Space Station testing and verification facility that also has the potential 
for enabling innovative research with “structureless” systems. 


Program Manager: John D. DiBattista 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2743 
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Autonomous Rendezvous and Docking 
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Lunar/Mars Autonomous Lander Hazard Detection 
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Vision-Based Obstacle Detection 
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Guidance, Navigation, and Control of Future Aeromaneuvering Vehicles 
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Computational Control - Next Generation Subsystem 

Real-Time Testing 






Advanced Control Evaluation for Structures (ACES) 
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Future ACES Configurations 





Spacecraft Control Laboratory Experiment (SCOLE) Attitude Measurement System 
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Adaptive Control Subsystem Development 
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Fiber Optic Rotation Sensor Brassboard (With Three- 
Component Integrated Optics Chip) 
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Spatial, High-Accuracy, Position Encoding Sensor (SHAPES) 
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Data Systems 


The Data Systems Program consists of research arid technology devoted to controlling, 
processing, storing, manipulating, and analyzing space-derived data. The objectives of the program 
are to provide the technology advancements needed to enable affordable utilization of space- 
derived data, to increase substantially the capability for future missions of onboard processing 
and recording, and to provide high-speed and high-volume computational systems anticipated for 
missions such as the evolutionary Space Station and Earth Observing System. 

The Data Systems Program supports fundamental research in such areas as laser diodes, 
work to select and provide the appropriate onboard processor technology for future NASA missions, 
and the development of two flight processors with special architectures. The ongoing support for 
solid-state laser research leads directly to the development of a nine laser diode array that is 
used in the Optical Disk Recorder. The laser research is also focusing some effort applicable 
to Space Station data handling applications. These devices are being developed to handle both 
the 300 Mbit /sec basic data rate and the much higher rates needed to support networking and 
computer internal communications. Complementary research is being supported to characterize 
the fundamental performance and properties of various alternative networking. 

NASA missions require processors that will work very reliably in the space environment. 
Computer systems for missions in polar orbit and some planetary missions must operate reliably 
in high-radiation environments. The Data Systems Program capitalizes on the dramatic advances 
in electronics, computer systems, and software which are occurring in both the public and private 
sectors. It fosters and leads the development of technologies required to meet NASA’s unique 
data systems needs. NASA technical expertise is being applied in cooperative arrangements with 
the DoD, and products from the DoD VHSIC program and other DoD developments are being 
assembled into processors for test and evaluation. 

The Advanced Digital Synthetic Aperture Radar (SAR) Processor includes a special 
architecture and algorithms to process SAR data. The unit will have a compute rate of 6000 
megaflops per second. The Massively Parallel Processor (MPP) is being used for ground processing 
of space image data, SAR data, and spectral analysis. The MPP utilizes 16,384 processors. The 
research applications developed on the MPP have verified the expected tremendous computational 
power of the MPP for the target applications. Researchers outside of NASA in several universities, 
research centers, and industry have been provided access to the MPP to gain an understanding 
of the capabilities of the MPP and have applied these unique resources to a broad range of 
computational problems. 

Future objectives through the Civil Space Technology Initiative in High-Rate/High- 
Capacity Data include data system architectural studies for new space initiatives, significant 
advances in technologies and capabilities for onboard image processing, data compression, high- 
volume block access storage, data networks, spectrometry, and adaptive sensor control. 


Program Manager: Paul H. Smith 

NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2753 
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Computer-Aided System Design 

The objective of this research was to enhance the computing systems design process by developing a technique for combining 

features of a systems architecture design tool and a software engineering tool to reduce simulation development time and expand 
simulation detail. 
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Technical Contact: Robert Tausworthe, JPL, (818) 354-2773 



Software Productivity Modeling 







Flight Synthetic Aperture Radar (SAR) Processor 

The objective of this task is to develop the technology to enable onboard processing of Synthetic Aperture Radar (SAR) data 
for an Eos type SAR mission. The processing is to include both the conversion of signal data to image data and the compression of 
the image data to achieve a further reduction in data rate. The specific goal is to demonstrate in flight qualifiable hardware that data 
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Spaceflight Optical Disk Recorder Controller Development 

The objective of this companion program to the Spaceflight Optical Disk Recorder (SODR) development program is to develop 
versatile, modular controller that, when combined with SODR disk drive modules, will provide high-performance mass storage 
stems that meet NASA high-rate, high-capacity spaceflight needs of the 1990’s and beyond. The system goal is capacity greater than 
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Spaceflight Optical Disk Recorder Controller Development 
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Technical Contact: Blair Lewis, JPL, (818) 354-0912 


MAX: Flight Multicomputer 
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Configurable High-Rate Processor System (CHRPS) 

The goal of the Configurable High-Rate Processor System (CHRPS) is to provide the architecture, system control, and high- 
rate data-handling interfaces needed to support onboard compression, information extraction, and automated operations of high-rat< 
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protocol/FDIR employed in the braided mesh network. 
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Use of Epsilon Decomposition Method to Solve Simultaneous Linear Equations 

This work is an investigation of the usefulness of the Epsilon Decomposition (ED) method for solving large linear systems. ED 
is an important method because it is parallel by nature. It works by partitioning the system into strongly connected subsystems and 
then solving these subsystems. Simultaneous linear equations were used as an example of how this method works. 
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Use of Epsilon Decomposition Method to Solve 
Simultaneous Linear Equations 
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Human Factors - Aeronautics 


The objectives of the Aeronautics Human Factors Research and Technology Program are to 
Provide the technology base and capability to design effective crew-cockpit systems and to advance 
solutions to human factors problems affecting air transport and rotorcraft safety and effectiveness. 

In the past 5 years, major steps in cockpit automation have occurred with the introduction 
of moie flexible electronic displays and a variety of automated flight system management, devices. 
They enable third-generation jet aircraft (i.e., B757/767, MD-80, and B747-400) to have fully 
automatic routine flight from takeoff to rollout, regardless of weather, and with reduced inflight 
work load. Higher levels of automation have been associated with certain problems as well as 
benefits. The air traffic management system has not kept pace to permit full use of these 
capabilities. Changes in ATC instructions on the flight crew's tasks, especially during descent 
or in terminal areas, result in very high work loads and, under some conditions, may divert the 
crew from monitoring and managing the aircraft’s progress and safety. 

Major steps in cockpit automation have occurred with the introduction of more flexible 
electronic displays and a variety of automated flight system management devices. A major focus of 
human factors research has been directed toward new human-centered interfaces and displays that 
provide increased margins of safety while taking into account the potential value of computer-based 
and automated system technology. The first year of research in the development of an Aviation 
Safety/ Automat ion Program resulted in new displays for use by cockpit crews in high work load 
conditions in which human error could have very severe consequences. 

For the period covered by this report, a major focus of human factors research has been 
directed toward pilot interfaces and displays that provide increased margins of safety while taking 
into account the potential value of computer-based and automated system technology. A major 
program was completed in the field testing of the Traffic Advisory and Collision Avoidance System 
(TCAS) which allows a pilot to be informed automatically of a potential collision with another 
airciaft and provides a flight path to avoid the other plane. Pilot decisions and consequences of 
them were obtained from these tests to verify the adequacy of the technology. Other simulations 
and tests were completed wherein a computer-aided system provided detect ion of dangerous wind 
shear conditions to the flight deck. These studies of human pilot behavior helped to establish the 
viability of such a detection device and provided significant information on how the pilot should 
respond to a wind shear alert by initiating different maneuvers. 

In the area of helicopter research, NASA identified major sources of human error found 
in helicopter operations associated with emergency medical services. The National Safety 
Transportation Board had requested analysis of these unique operations because' of the high 
accident rate associated with them. 

A comparison of pilot performance with a side-stick controller was completed. The 
conti ollability of several different modes of coupling and of control priority w^is examined. Pilot 
preferences were obtained concerning the usability of various levels of coupling between side-stick 
controllers and auto-pilot systems. 


Program Manager: James P. Jenkins 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2750 
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Pilot Preference and Performance Results Indicated Superiority of New 
Engine-Monitoring and Control System (E-MACS) Display Concept 
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Incorrect Sensor (EPR) - Similar to the 1982 Air Florida Accident 
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Evolution of Transport Aircraft Automation 
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Voice I/O Helicopter Flight System Experiments 
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Technical Contact: Clayton Color, ARC, (415) 604-5716 



Voice I/O Helicopter Flight System Experiments 
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Knowledge-Aided Display-Design (KADD) Concept Proved Viable 
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PILOT SELECTION 

• IMPROVED SELECTION STRATEGIES ARE FEASIBLE 
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Comparison of Pilot’s Heart-Rate Responses to a 
Nonstereo/Stereo Landing-Approach Display 
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Comparison of Cobra Communications Control Configurations 
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Current Versus Proposed Radio-Selection Controls 
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Cognitive Factors in Visual Attention 
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Human Factors - Space 


The objectives of the Space Human Factors Research and Technology Program are 
to provide a technology base for intelligent operator interfaces, especially with autonomous 
subsystems, and to develop a new generation of high-performance space suits, gloves, and tools/end 
effectors to meet the requirements of advanced space missions. The technology base is intended 
to provide increased productivity, efficiency, and safety in complex manned operations within 
automated onboard systems and extravehicular activity (EVA) environments. 

Crew station research is the first of two major areas. Development of methods for 
the astronaut to supervise, monitor, and evaluate the performance of robotic systems, other 
space subsystems, and orbital vehicles are key areas of research. Fundamental understanding 
of the human visual and information integration capabilities provides a technical basis to develop 
mathematical, anthropometric, and graphical models of human interactions with space systems 
and equipment. A laser-based human body mapping system was obtained and accepted for use by 
the JSC. Considerable development of computational vision, a new technology subelement, was 
seen by the completion of basic algorithms of human vision for machine application. Development 
of advanced graphics and visual simulation methods was accomplished so that human performance 
under zero-gravity conditions at Space Station Freedom could be determined. Additional design 
criteria and guidelines were added to “Man System Integration Standard, NASA Standard 3000,” 
as a result of tests of new human-computer interface tests for Space Station Freedom . 

The second major area is the development of a new extravehicular activity (EVA) space 
suit, gloves, end effectors, and helmet-mounted displays. The AX-5 hard suit was tested and 
evaluated against a second new EVA suit, Mark III, which has both hard metal and fabric features. 
Both suits are designed to meet zero- prebreathe requirements for Space Shuttle and Space Station 
Freedom operations. Technology from both suits is expected to be used for Space Station Freedom 
EVA suit systems. An anthropomorphic master-slave arm and hand were completed this year. An 
important feature of this new technology is a force feedback capability whereby the user receives 
feedback of the proportional amount of force being applied by the robotic end effector to the object 
being grasped by the human user. The human factors research program tested new methods to 
display information on the space suit's visor. Astronaut control of information, while in EVA, was 
evaluated using both voice command and gaze command. 

Emphasis in the Space Human Factors Research Program is placed on technology baseline 
studies and development of methods, techniques, and data to support productive and safe oper- 
ations by the astronaut and crew as they interface with complex systems, advanced automation, 
and robotic assistants. 


Program Manager: James P. Jenkins 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2750 
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Current extravehicular activity (EVA) capabilities have evolved over the years and have been influenced primarily by zero- 
gravity operations. However, the hostile, partial gravity environments of the Moon and Mars present additional challenges. These 
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Crew Factors in Environments Analogous to Space Operations 

In conjunction with the National Oceanic Atmospheric Association (NOAA) and the National Undersea Research Center of 
Fairleigh Dickinson University in St. Croix, U.S. Virgin Islands, Crew Research and Space Human Factors Branch (FLC) investigators 
have incorporated the Aquarius undersea habitat as a Space Station Freedom analog environment in the FLC research program. The 
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Technical Contacts: Barbara Kanki, ARC, (415) 694-5785 

Thomas R. Chidester, ARC, (415) 694-5785 
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Networks for Image Acquisition, Preprocessing, and Coding 
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bupports aerospace needs in human and machine vision 
Predicts human performance in detection & discrimination 
Development rules compensate for component failure 
Noise analysis of photon, sampling, and component noise 


Computational Models of Attention and Cognition 

Human operators are limited in their ability to process and respond to multiple information sources. Aviation and space 
environments impose severe visual, auditory, and decision-making demands in situations where human failure can have catastrophic 
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Technical Contact: Roger W. Remington, ARC, (415) 604-6243 



Computational Models of Attention and Cognition 
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Sensor Systems 


The objective of the Sensor Technology Program is to provide necessary expertise and 
technology to advance space remote sensing of terrestrial, planetary, and galactic phenomena 
through the use of electromagnetic and electro-optic properties of gas, liquid, and solid-state 
materials technology. 

The Sensor Technology Program is divided into two subprograms: a base research and 
development program and a Civil Space Technology Initiative (CSTI) program. The base 
research and development consists of research on artificially grown materials such as quantum 
well and superlattice structures with the potential for new and efficient means for detecting 
electromagnetic phenomena. Research is also being done on unique materials and concepts for 
detector components and devices for measuring high-energy phenomena such as UV, x-, and 
gamma rays that are required observables in astrophysical and solar physics missions. The CSTI 
program is more mission driven and is balanced among four major research and development 
disciplines: (1) detector sensors; (2) submillimeter wave sensors; (3) LIDAR/DIAL sensors; and 
(4) cooler technology. The first discipline plans to develop large spatial-imaging format arrays 
in the near (1 mm-30 mm wavelength) and far (30 mm-200 mm wavelength) infrared portions 
of the electromagnetic (EM) spectrum. These goals are crucial to enable spaceborne remote 
sensing for the various terrestrial, planetary, and astrophysical missions. The submillimeter 
discipline is dedicated to developing the technology to enable heterodyne receiver instruments 
for remote sensing in the 300 GHz to 3000 GHz frequency regions of the EM spectrum with a 
focus on developing local oscillators, frequency mixers, and quasi-optical technology in this region. 
Backward wave oscillators, lasers, and quantum well devices may also have potential as oscillators. 
In the third area, the acronym DIAL/LIDAR (DIAL means Differential Absorption LIDAR and 
LIDAR means Light Detection and Ranging) consists of research on techniques for enabling active 
remote sensing in which a coherent source such as a laser is used to probe the environment. 
Research is concentrated on technology for obtaining tunable, frequency stable, and pure space 
qualifiable lasers. Finally, in the last discipline, research is in progress on technology to enable 
cryogenic coolers in the Kelvin to sub-Kelvin temperature regions in support of the efforts in the 
detector and submillimeter wave sensor thrusts. Work includes research on various cooler concepts 
such as the pulse tube, adiabatic, Helium 3, and zero-gravity refrigerators and their corresponding 
component development. 


Program Manager: Ramon P. De Paula 
NASA/OAET/RC 
Washington, DC 20546 
(202) 453-2748 
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Two-Dimensional Acousto-Optic Spectrum Analysis 


0 3 

73 73 

73 ^ 

>> 2 

1 s 

o Cl. 

.g CL 
^3 cd 

cp 

03 73 

t-H 03 
^ pC 

S t 
o .o 

^-i t+- 1 

g 'd _ 
h v fl 

aj*! 
s§ 1 a 
^ £ 

~c g 0> 
S *S 

S3 X! 


fl 

03 


I 

£ o> a 

e a •§ 

2 73 Cd 

G 03 

o 3 ^ 
H a 4 X 

a ’3 .sp 

.2 8 * 
13 ~ «r 
S “s 

.3 73 

73 > > ^ 
73 ^ 
03 03 

8 2 
. ■ o 3 

C/3 fc T3 
^ Cl 03 

d -g ^ 
o 2 ^ 
fl g r ^ 

03 bJD g 

*>•55 | 

”03 Cd 'ClC 1 

2 n 
~ ft J 
13 O ^ 

+j o) w 

§ 6 S 
S *-S G 

03 

■g Cd 
CO 03 


H 

W 


cd 

03 

03 


X ft 70 

W *co 

n g ^ 

O .2 *3 


.fl 

cj 


■_; 73 

CO 0) 


03 

CD 


fl 

cd 

E 

a 


CQ faO 

I 

CJ X 


C H3 
.2 «fl 

5) ^ 

.y *35 g 


2<t: 

O-t t 
< ^ 


73 


1 Lh 73 03 

Mis 

*" T3 ^ sr 

s .s a ! 

S o ^ M 
8 & « ^ 
d 03 M ^ 

03 *-» ffi 03 

*> 73 o .a 
o O lO > 

P O h 03 
rd *-*3 vi_ ^ 

o 2 o xs 
5 § C2 

cd 4^ O ft 

fab 03 g g 

o; « 2 g 
+2 fl ’3 ° 

.S 2 73 03 

03 faO 

03 <_2 ^ M 

5 ^ E 

.5 *- < .fl 

Jj CJ 

^ 03 • <Zs 

| 1 8 Q 

ca c >iO 

g « O 

JH S <d a; 

6 <U 98 So c 

” V 2 g g 

73 -*- 1 CD Cd 

03 cd +* ^ _ft 

,S S fi U a 

-Q s c 3 G 

s & a I g 

8 &f 

fS!S»§ 

* 3 g.^3 2 

'w 73 73 4-i C> 

03 C3 m cd > 

^>e = 

pS _. O u ft 

8> ^ S £ .2 

| § S 0-3 

T3 x faO Jft 

O H o 

rr , ^ cd 73 
-s/ 73 .— < rn 

fe O -V S 
^ 3g -2 N 

8 §*« G* 

•a &.§ 

E O' [7^ Cd 

e 11“ o 
3 " t) 42 g 

*-t ,x2 5-. sc 2 

-4-3 T r , cd Cl ^ 

u .SP § 5 Cd 

1^2 g 

4J * faO O 03 

gi cd cx 

6 a-S 3 *8 

.5P 03 > ^ 

5Q an £ £ 03 


S3 


f-l 

CJ 

8 o 

i-i 

i 

sj 

fl 

cd 

CL 

X 

03 

CL 

73 

Z G 
13 .2 

fl 

Id 

03 

L-. 

X) 

73 

*73 

03 

fl 

cd 

T3 

O ’ ^ 

cd 


73 


'73 O 


"3 

a 

*3) 

'S 

fl CL 

s a 

fl 

cd 

a 

cd 

p /3 

f-H 


S o 


cl 

03 

KJl 


cd 

G S 

Cd 03 
pO +3 
2^ cd 

^2 rd 

& aJ 


^ ^ § a 
k ^ ‘-5 fe 

5 "3 i_ > 


< o 


!u 4 !-, 

d M ° 

- 03 


a c 

Ch 

2 03 cd 


T3 

03 

fl 


G 

TU *42 o 


OD 

CO 

CM 

i 

Tf 

lO 

CO 


oo 

r— ♦ 
00 


Oh 


r*£ 


73 

03 




73 

03 


CJ 

cd 

+-« 

fl 

o 

O 

Id 

.2 

*3 

^3 

cj 

£ 


244 



</> 

'55 

>» 

os 

c 

< 


E 


o 

o 

Q. 


(/) 


o 



O 

l 

o 

CO 

3 

o 


o 

< 


(0 


o 

■ MB 


(/) 


0) 

E 



>- 



cc 

UJ 


< 

2 ! 

< 


LU 

x 

3 

H* 

O 

LU 


3 O 

£ cc 

u ** 

LU O 
CL rr 

cn E 


o uj 

F 
a 
O 


£ 
o 
cc 

LU 
U» 
CC 

</) yj 


3 

o 

3 


z 



o ^ 

S; or 
p o 
O 

a 4 

o % 


co 


in 

5 

tr 

< 

2 

o 

H 

< 

£E 


< 

2 

g 

CO 

u_ 

O 

2 

o 

h- 


G CO 

uj O 

b- CL 

z s 

ujO 

co a 

a w 

2 w 

<i 

^ < 

£ cc 
5 uj 
jZ Z 

2 S 

CO O 

3 H 


N 

X 

o 

to 

<r~ 

LL 

o 

z 

o 

H 

3 


N 

X 

s 

to 

r 

UL 

o 

x 


O a 
c /5 5 
uj > 
x Q 

z S 

— CD 
^ 05 

*<o 
D > 
tu _j 

H < 

< Z 

X < 

K 

C /5 5 

o X 
S uj 

LU > 

Q O 


O 


O 

05 

LU 

X 

UJ 

z 

LL 


05 


LU 

z 

z 

< 

X 

a 

z 

o 


UJ 

o 
z 
< 

£ 

X 

O 
x 
X 
UJ 
X 

D 
UJ 
H 
Q 
UJ 

a 

x o 

UJ CO 


-J 

5 

r~ 

X 

UJ 

> 

o 

N 

X 



• i i 


UJ 

o 

< 

X 


X 

X 

< 

or 

a 

o 

K- 

o 

X 

X 

UJ 


Z X 

o 5 

£ a 
o z 
< 

< 
— J 
GO 


245 




High-T c Superconducting Microwave Resonator Circuit 
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High-Tc Superconducting Microwave Resonator Circuit 
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Spaceborne Laser Ranging and Altimetry Components 
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tested, and the multipass amplifier upgrade will be completed. 
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Three-Stage Stirling Cooler for Space Applications 









The objective of this program is to investigate passive nonlinear optics techniques for generating continuously tunable coherent 
infrared laser radiation in the wavelength region between 2 /im and 25 /mi. Specifically, this program investigates the Resonance 
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Tunable Atmospheric Lidar Using Sequential Stokes 

Scattering in Hydrogen 
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Long-Lived Flashlamps for Spaceborne Lasers 
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Millions of Pulses 

LIFETEST RESULTS FOR 15 JOULE AND 44 JOULE LAMPS 




Advanced Alexandrite Laser Transmitter 
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Technical Contact: John J. Degnan. GSFC. (301) 286-7714 
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Gallium Arsenide (GaAs) Adaptable Programmable Processor (APP) 
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i ki >KM DATA ( (>M! R1 SSION Of H1RIS I MAGI': IN KIM T I VI I WITH 40*'» MARCilN PER DETECTOR 
SIGNAI PORI 

K AD HARD ( KK)M R AD) TO ] AI DOST WITH WIDE OPERATING TEMPERATURE RANGE 200 t TO 2U0T 
VVORSr c ASI 8 BIT si 1(1 GENERAI PRO( ESSOR OPI RATION TIME 6.6 NANOSECONDS 



Submillimeter Backward Wave Oscillator 
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